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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor element capable of 
having an effective reflecting mirror to be an excellent resonator on a surface light 
emitting laser also improving the photo-detecting efficiency of the light emitting 
element, by effectively reflecting the leakage light mainly on the substrate side in an 
LED. 

SOLUTION: This nitride semiconductor element is structured of the first nitride 
semiconductor layer 2 grown on a dissimilar substrate 1 so as to form irregularities 
thereon exposing the sides thereof having the first protective films 3 on the upper plane 
of the projection, while the second protective film 4 on the under plane of the recession 
on the second nitride semiconductor layer 5 developing less crystal defects than the 
first nitride semiconductor layer 2 grown from the sides of the irregularities. In such a 
constitution, at least one out of the first and second protective films 3 and 4 fills the 
role of a reflecting mirror made of a dielectric multilayer. 
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30 (C-r^^2©X®&tTofc^^»fffil2]T*fc5o £52© 
Xflf-tJ^T, |lfl(fig|5©^t{¥:tifl«©0/*©|lltt#i' 
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«fl!t:fctL(22<, 0iJx.l2ff]fE(7)«f8flf t/i5W$rffl 

i^rtm, ffjta^fliw»$'CTx(2x/4 n 
(a n ■. mutt (Dmvtm tts:z>£o\z.m 
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2 o^ttb^* 5 astftfrfa icio t>j£ft 4- (± 

j**L*:a»©J:5fc, ft 2 ©£fls*&¥#<*:5 lift l ©1* 

5i^«tawi^^[fi]$r^ff$nfcft2©^b#)^ 

[0 0 3 5] g2 0£ft:«b¥*Mc5 t LTU, mlffift 1 
*2©»t*i|t8tflc5tt, I^V^TtS, fell 

ttic^s u iti^oti^ii ©sfc*iMM*©«flB 
*»e>#*ian=figg L^ft 2 comtyo^m&frm 2 

BU©-kffi&W^fcas&, &*fcK#|6ia»fe«*l*lfc:j* 
ft Ufefcft 1 ©«liK3 t Bie*OfflWl!:j«*i-a t » 
El 4 co i 5 (-ft 2 ©^t«j^**i5» 1 ©t&SIHI 3 ©X 
£BKfaa>oTlt*|pII;:j*ftU ^LT0 4COJ;5l-PMg 
LTV^ft2©^t^^5|sl±To^j)5 0 -cVN< 0 

*fca»t>* 1 ©»tisf 3^t>'ft 2 ©fe«i8i4 xi=.^ft l 

[0 0 3 6] |2©i»M*5ft 1 rcOXClfS^-ffi: 
0 0^m~5 0 0 ^m % j(fSL<IJ5 0 /< m-4 0 0 p 

£E i ft 5 ft 2 5 <D±Kmi-mm. t ft 5 

[0 0 3 7] 7X7/U^ftiCjoV>T, 3^jg©^^l-j!t 

i~^^^©^^©^Ht (v/intbSr 2 0 0 0 i 15 

[0 0 3 8] 

[^1] 

{1 122} 

[0 0 3 9] ffi#j**LB^ffiii:fc!J, figft^itffi-5 



(8) 

13 

WrffiB»^$tt5ipfcx M^J:(e/&ft LTVK MIL, 
<b¥m#0)ft$i#'l^ (F a c e t : 77tj/ V) fr® 

*5V^T, V/IIIJtSr2 o o o^Ti'-fa^-g-tt^ 

[0 0 4 0] 
W2] 

I 1120'} 

10 

[0 0 4 1] ffitfSj&ftL^ffifcft 9 , EHle^f-J; 5 

aEfcja**-ra*&©#as, oi- 

BB^RSS^tt, IJOfl Ol/cmWlffSL<Bl o 
'fl/cm'Hmi -Sr»fll±a5-Ctt, li(£lO 6 {0 
/cmW, jfSL< (11 Ol/cmWCfeS, 

AtWRKBSiffipCfrfcttoT^iiS 1 0 MB/ c m 2 Jul_k 
i^5«(6j^fc5 0 V/IIIJt©£?*LWit£: LT(i2 
0 0 0-1 0 0, 1 5 0 0~5 0 OfJ)!), ~<73|5!aT- 
£ , ±|E^^tero$K^s^B5* "Cte^ Lie < < ft 

[0 0 4 2] ^Wie^T, IS 1 W^ffc^^ft 2 , 30 

mz-mfeztiftMK movpe 

SO N HVPE (/N7^ F^vfBj&ftS;) . MB E (5H 1 
j^rcf**^— ffi) , MOCVD (*r«&RlTs^tBfig 

^TW^'S^igfflTt 5. LV»J*ft*ffifc LTI1, 
10 0 n n»EATT?l±MOCVDffiSrfflV>5 

tttHV P E -C-H/fcftigKris jg <-C3>Fp — ^*sjl L 
V\ 40 
[0 0 4 3] *fe**||^ts^T, SB 2 

PJ^#rt(efc^T^2(0^b^^Sr 

[0 0 4 4] * 1 CDIflle&tfS HufBllfiSffi t ft 

Hfejif* LV^S&Ri: LTtt, (0 0 0 1) B[CB 
■&±mh-f%y-7T-4T, (112-0) I[Affi]^± 
itt5t77^7, X(± (1 1 1) ffi^±ffit-f5^ 50 
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f^VT'fcSo C^T'^tS1S* 5 < (0 0 0 1) ffi[C 

^<D-¥7t4 T<D (112-0) ffi[AB]MLTlI 
*^h7^7W?rWLTV^rt [»k*#**© 

(10 1-0) [Mffi] Id^^loUC^ h747°%J&J$-f 
ZZtl mj^L<, £fc (112-0) B[Affi]£r£ 

7-f70 (1 1-0 2) ffi[RS]i-*tLXSB:^^ h7 

■i , ^MLti^rti5ffiL< < *fc (i i i) 

7.t^/KD (1 1 0) ffiWtLTlK^h7-f7W 

^^ttoJ&^jeo^TlEicLfcfls, #$§f3le*ji^T 

t7 74'7©AiS'0!RI, ^f^HO (110) ffile 

afl2»^*ffas«t6ri6ll!:j*JILSV^t?, ~*xboffi|e 

^ i <D&itm*m»2<Dmffi&j&i$.£tiz i5i^i© 

[0 0 4 5] ^ejie^bns^fi^Kieo^TIIIS- 

mmz^-r^-y h±^mx&z> 0 mt^m^tiiEn 

lettgffiffcfliig-e&aas r <d J: 5 leT^&^-cjfiM-c 

774'78:fflV\ »ai5lJt77'(7Ail^LtiI 
ft* h 7^( 7Wi t5i^lCO^tWt?) 0 

(i\ Bl8tt^ffiffl!lw^7r^T*ffic»5pffilil-Cfc?)o - 

77^ (*D77) BSrAiiLxv^. rwEHe^ 
•f-J: 5Hifiiaiito^ T'S: Affile** LTSiE#i6] 

^T«Ltt< 1 aKft*ftT&/fcKUe< vMSfate 
6£oT Affile** LTfiS&#rp]T-* :7°Srl2 

oWoT)SSL^t</j:!), HI2~05{e^LfeJ; 5 

[0 0 4 6] i*(e N Al^±ffiit5f77-f7l«5: 
-bBECffiSriffiiri-SS^irlRl^He, flu* 
(i^-!J 77ffi5:Ritt5h Rffiie^LT^iETfft 
le, SW£JWfc*h7-f7^»j*+5£l:fcJ:»>-, * 

£-tt£e\ t^-e*5„ 

[0 0 4 7] £fc&le, xa/i/ (MgAl^,) (e*t 

jgftW^ftffiS- (ill) ffit L, 77B^ (11 
0) ffit-TSt, a^b»*i»fftt (1 10) ffile*j-LT 
¥fr*(ill:ML^tV^^]^fc5. ^ot, (11 

0) m^MLxmm.iv^K^vy^ y'^m-r^t^it 
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[0 0 4 8] S3©IgTl#fcixfcS2©^fli% 
W-Mfr fe ft 5 £ ^Hffit Lttft|i^#i^ t -r 

^^©ifiico^-caTfitra-fSo S4©ia-? 

«^«ittft5'>ft< 1 1 n§OWp§y^©1S$:©gft 
te¥^ft/l£$;fi£*2> 0 S^ffiJiiftS^t:^**^ io 

g^^^s^g^tLT^ttH*J;v\ Mill nli 
■tz r t ©T# 5 n §y^b^^$ft^J5££ fvO^S t 

Pfi^5*iftv\ 20 
[0 0 4 9] ^PJ<D^fe^fr^«^tft5^t: 

VPE (Wi&JI^tB^ftffi) , HVPE (^yy( Y% 
mimm , MB E (#^^t°^->-i£) , MOC 

vd «p,.4-(t****sr»a 

;!£*3©K&k;ftrC^5:£T©;£ffi£iIfflT*#5o £f 
*LV^ft*ffitJ, MOCVDStfct), ^Sri^^ 
I^*$t5rti5ft$ 0 L#>U MOCVDttaNf 

[0 0 5 0] 

r.ttt-pssstvftvv 

»S[ft****Mi5) ©«3fi©*ISSrH2 ~B8 5 Srffl 

^SMfc&EiKIS. 1 L E DiS^ ©sS^HfcgSrJ&S 40 

[0 0 5 1] (S2©^$^g#J15=S|fc^?Ifr 

j£**rtfc"fey m i&ffi£5 l Ot^LT, !)7 

fc£ffiV\ t77^7SSlJil:GaN± 

h n-Acoa®¥-Cj*ft$-li:5„ 
[00 5 2]v^7rIlrMi, TMG©*iftT, 50 
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iSSSr 1 0 5 0"fc£-c±#£*3„ 10 5 OWiofc 
gW^CTMG, tv^-t, v-y 

2Sr2 AimOMffT^ft^-tirS (0 2) „ 
[0 0 5 3] Si ©g-ft:#l¥*<*:S 2 fc/**^ s/ 
^KSt-if3» s i o 2 t S i Nt**-KJf^l/4 

Lr9SS*#II^t5. Si©{£MS3$tt^ 

afttT, Xh7-f7"|@15Mm, ^ h 7 ^TfSM 3 W 
m« (S iO ; /S iN) „i^j:2,Il©riS3^ 
1 /i mOWT»rttS. «V>T, R I EgfC J; <0 % 

i k>«»w 3mm^nx^^^v^<om 1 

m 2 icufli!!i»sr»j*u» i v>mm*mfcm 2 ©tys^- 
(ii3) „ ft*5, ^b^^tt, mate 

■So 

[0 0 5 4] Si ©S^¥*WI 2 in, 0 4 co i 5 I- 

m^w-2<Dmm^, %i<D&mm3bmm\^ s io 

'^S i Nt*^^5Kt*#IKWU CF.iO 

s 1 ©g^^ff 2 ff>oiMUft<Dmn&&mm<D#.& 

=c--y^^-t^Zb[^i.'0 , (SiOySiN),,© 
*2©«»«4«rlH»OTan:»j«-*-S. 
[0 0 5 5] Si ©«SMS 3 &t>'S 2 © 4 Sr J&j£ 

sisawrtfc* ^fu sas: 105 o°ct\ jrw 

-7°©G a N ±0 ft&S2©^-fk%¥>*^Jl 5 £3 0 u 
m©J$JlT-j&6£-fc!r3 (HI4SO<0 5) „ 

[0 0 5 6] S 2 ©^t«J^W«« 5 ttfcWik, 9 
^Sr&J5S#a»6>St>tUU TV K-7'G a N ± D ft£ 
*»5o 

[0 0 5 7] (itt£©^tWWft»«©M5£» - 
#, ttS5©fcfe, ±fS©Mict^r£(-*3^XS 1 ©«lf m 

tt77^ TS«l±f^V77-SSrfiRft$*/cifI, -t 
©±l-S 1 <F>mtV>)¥mfcm 2 3 0 /i mOMf?^ 

[0 0 5 8] rrT±IEM5t$n*:S2©2^#)^fr 

XS±i', Ztl^ftl 0X15// m©|5HS-ffiE(-9ffi 

K^-Y^j/^V^l-J; 9^ 1 /u m± y'f-^if 

iy^fy htt, ISn^PlHW^tltft 1 ?, ij-ffy h 
©fC^'>ft V ^ t ^HB^Pla©ft V VfSsItt© &£Fft fepl, t 1/ ^ 
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5x10 6 {@/ c m'-C* 5 , tt*0>*ffctt 
*i#»Uxi0 10 i/cm J tl)t), #3BWOt> 

[0 0 5 9] Rfc:, ±IE»6>ftfc£ 

{t:to^«*SS 5 s i £ l x l o i yw K-:/ 

LfcnSA la 2 GaaeNJ;t)^5^1^ji, 2 0ty 
^hP-iit, T>Y—~? (undope) OGaN±04 
Z>%S2(DJ§, 2 O^^* hP- At §r££Kll 0 OS 
aSLT45»RJS0. 4/im(OjBft^iS©n<|^7 10 
yKIii &Mj$,1-Zo nW* 7 5/KIll 8r«*mi 

<D?yy m&Mf&X*%Z> 0 

[0 0 6 0] jfcK, ^J»2 0^-^^^ hP— A^#— i 
^T^ftiSflM na,Gaa»N.J;0i5iSttfl 2, J]JI 
ff 0 . 3 ju mOMg §r 1 X 1 0 20 7° A 1 ' 0 2 G a 0 8 
N±045pi^7J/ KJ1 1 3. H^JSO. 5/zmMg 
$•1 X 1 0 20 K-7°Ga'Nj; «9 4Spl^^^ hJf 1 

LT, pMfyy KJfl 3, pf|jjn>^^ bjf i 4Srfi 

KlllOjfltflijm, T'i/Al±!)ft5nt 
^17^0. 5nm£OlftMU -*p(P^^ 
hS^«tf^ffilCttS3tft^N i /Aui ^9 ft 3 p 
l 5 Sr 2 0 0 h d - ^(OlggTf ^L, ^(^P 

0 . 5/x m^igxf^ U ii {-^1" J: 5 ft IWI— ffiffl 

^bn«il7tplSl5t5:Sf^fItt^ 0 * 30 

m^y r 4 rmmvmz £ 5 0 n mg£* -^wig tt 

SS< Lfc«, W«ffiffi'JSr^^7^^LT3 5 0 // m^(0 
[0 0 6 1] #fe*LfcLED*^-tt, S^Pfe^ft^ 

tt a ttco ft # * * 2 <o ikftft **^s £ * 

ttfcfciDteJfctiLT, ttl^JPl. 5»EJl±, #miiHJE1> 40 
[0 0 6 2] [»2] EtT, Bl8^$k5*3BM 

©-HJS©«*Tf *>«ffi*3fc ^—fm^mm^ Lit 

[0 0 6 3] HJS0IJ1 t H«fcLT, f-^Zl'TJ^ft 

K-7°Ga N±3fc5*l©ifls<fe¥*fWB2, 3t§rR 
M^ffiftfg«£#gJ8li 9 45*1 tf>«!IJgi 3 2 
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[0064] ±ia*ia**x*:a<t«*»flca6« 5 

S i F*-7°nSG a N Jt «9 ft 5 n ffilj =i ^ ^ hJ§ 2 1 £ 

[0 0 6 5] 4 0ty^7hP-W>'K-7 o 

1 iwG a 0 . 95 Ni «9 ftSPtffig fc 4 0^>^^ hn 
— J*(DTls Y—y° I n 02 G a a ,Nit) ft5#FS£: £ 

SIi:aiU ft«^»ffi«Tj|*t>0, WKJS4 4 0* 

hv-M>(D^mm^#Ftffi& (MQW) COiSttl 

2 3Srj**£*s„ rr-e±E'±5l-nffil=i^^ hM 

* FJ1_LM rifely 5/ K^»/ftL£©±te«t«8:j* 
»4*Tt±V\ nfl|^7^KitUtt#l«^n 
ftV^s Wz-tts W2 5ty^MJ-WyK- 
7°A 1 olibG aassNlt, 2 5ty^ h n — A(OS 
i K-7°GaNl^$S(^)iU, ^JgffO. 4// 

m«OjH*TFJlJ:9ft5nfiy^7ix K«d s *ff btt5 0 n 
[0 0 6 6] W:, ^S:»S«s**e>«if9ttlU 

«J*U*13ftS, g^aotliffittfi±^p{S'l^75' Kg 

bp— AC7)T>- K*- 7°A 1 o.isG a 0 .8sNSt. 2 5 

FP-^WMg K-7*G a Nf t SrSS^WJI 
LT, J^)Ki?0. 4/im<Offl» : fi«t0^5p«l^7 3' 
KJf 2 4«s^f feix6 D p«^^^/ K*tfjHft^.JBJ:Q 
ft6iirg\ pS^Ftt^tt^v K^-Y t/-^^jv^<0± 

(SiF-7°) -rat L#vN«»(STu*v^rt*s*i3 

[0 0 6 7] Si 0 2 X *)t£Z>-TX* 
V^V^gttJi2 3<7)*ffitS i F-7'nlAl 0 ,Ga 

0 . 9 Ni «9 ft5««EPlihJi2 6 §r0. 4vm(ommx~B 
j&i-% 0 ftt3r<omatPaitlf2 6BZn, Cd(^i5ft 
pSffife^ K-7°LTt)pS(c* t) V^p W^Wk 

7jyKI±t) < LTiSSKft i?AlGaN^ 

[0 0 6 8] Sat|Jl±a 2 6 Jf^ff , ^ ^-^SrKiSS 
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l^VX, ^(Dmfim-k-MZ 6CD±i^Mg K— 7'pSG H 

[go6 9] s»m r=-y v^itTv^pfliS:*' 

nffiij^v^^ hg2 2 ©-£|5£Rtii KffiLfcnWJ 
3^^H2 2tTi/Al it)>i5nSffi2 8 
^c-TS-^, pffin^^^ hStO^ffil^N i/Aui"? 
/<e5p«H2 7£^j5£L/d&, ^^wN^^j/^^gt 
LT0 9 \z.7Fti. 5 ft«5fiOB5**^- IP** 

Jf tcifiv Httit 1 4 5 $ 2 ©»» Ml 5 LT V * 
§ < 4 *> JBSLSV^IttfT^So jEI-7X7A-)£ft©« 

[00 7 0] [Hlfit?ij3] HJfe0!litn*JV^T, ' 

$ l-cib i waft***** 2 ro«a5*«a 

ttlflWlCLT, Ml 2 ©*fc»**fM^ 

mmmhtiti,, 30 

[0071] [HiSM4] UteW 1 i'fci^T, %\<nm. 

[0 0 7 2] 

*£te<&'>fc V ^^#)¥^tfr S« $:J&£ U 5E I' 7 x 7 
fifee$-frTV>50T% 7^ 7B#F,fl©#I>\ jgifJEdS-h* 



££0 

[01] 121 ltt, *»MH:*J»t53feS«flli6S:^ri-5» 

[0 2] 121^ *»WH:*s»t5! 

[0 3] 0 3fi, **W»::l3tt6! 

[04] 04 11 *IBWi-*s»t5^li<»^3Mt:S««M 

[0 5] 0 5 tt, *«9iK:#l?5£fc4fc¥«tt£««>9ll 

[0 6] i6ll *fPJf~fctt5^b^«#X«©M 

[07] 07(2, t77^7©IM5:*t^-^ h-ir 
;V0-Cfc§„ 

[0 8] 0 8«, &mm<v*by4 7'jimzm.w?z>± 

[0 9] 0 9tt, *B^^i3t-7 5 MSRIt**!! 5# 

1 - - • nas« 

2 - - -mi nrnm^mw- 

3 • - • ^ 1 ©ffirlS^ 

■ 4 • • • & 2 ©{fcSJBI 

5 • • ■»2©^k»**» (Sit******) 

1 1 • • • nfUJ^ 7 5/ KJf 
12. 23- • • SttS 

1 3 • • • pftij7 7 y VM 

14, 2 5 - • • pM^^f? hM 

15, 2 7 • • • p ^,11 
16- • ■ s< y YW& 
17, 2 8 • • • n MM 

2 1 • • • nfjjnv^^ 

2 0 - - • 7 7 y i> KlhS 
2 6 • • • SMPfllUf 
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